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Abstract
Generally, foods are thermally processed to destroy the vegetative microorganisms for 
food preservation. However, only thermal treatment triggers many unwanted biochemi-
cal reactions, which leads to undesirable sensorial and nutritional effects. Therefore, a 
number of nontraditional preservation techniques are being developed to satisfy con-
sumer demand with regard to nutritional and sensory aspects of foods. Ensuring food 
safety and at the same time meeting such demands for retention of nutrition and quality 
attributes has resulted in increased interest in emerging preservation techniques. These 
emerging food preservation technologies can extend the shelf life of unprocessed or pro-
cessed foods by inactivating the enzymes, reducing the food spoiling microbial growth 
rate or viability without altering the food quality attributes including flavor, odor, color, 
texture, and nutritional value. On the emerging technology, sphere promising results 
have been attained by the radiation processes. Ionizing radiation has been widely used 
in industrial processes, especially in the sterilization of medicals, pharmaceuticals, cos-
metic products, and in food processing. Nonionizing radiation has been used in surface 
decontamination, as on the packaging sector. Although radiation techniques, as the other 
traditional or emerging techniques, can impair alterations that can modify the chemical 
composition and the nutritional value of foods, these changes depend on the food com-
position, the irradiation dose and factors such as temperature and presence or absence of 
oxygen in the irradiating environment. The aim of this chapter is to discuss retention or 
loss of vitamins and minerals in several food products submitted to a radiation process 
(gamma irradiation, short wave ultraviolet, microwave, and pulsed electric fields).
Keywords: nutritional, nonionizing radiation, ionizing radiation, micronutrient, 
macronutrient, emerging technologies
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1. Introduction
The first food preservation methods were developed by men in the beginning of its exis-
tence. Since ancient times, radiation has been used as a preserve food method, when used 
to preserve meats, fish, fruits, and vegetables from solar energy. In the drying method, the 
men realized that some fruits and vegetables were still edible and the meat lasted longer 
without spoiling, once this process consists in removal of part of the water from the food to a 
final concentration. The microorganisms present in food need water for their vital functions, 
and by reducing the water content, it is possible to decrease considerably the microbiological 
growth in the food [1].
The growing demand from the consumers for high quality products reveals the need to apply 
of new food preservation techniques that provide microbiological safety in the production, 
increasing the commercial validity, and still provide minimal biochemical alterations, pro-
moting the maintenance of the nutritional and sensorial quality of the products [2].
Some of the currently proposed methods inhibit microbial growth, even in some cases, they 
cause enzyme inactivation, without the considerable increase of the product temperature. 
Moreover, these processes promote little damage to pigments, flavor compounds, and vita-
mins; and in contrast to conventional processes that apply high temperatures, the original 
sensory and nutritional characteristics of the food are maintained, with no significant loss of 
fresh product quality [3].
Throughout the centuries, the food preservation techniques have been improving with the 
increase of scientific development. These methods include freezing, drying, canning, pickling 
preparation, pasteurization, fermentation, cooling, controlled atmosphere storage, and appli-
cation of preservatives, and among the emerging technologies, the highlight is the radiation 
technique [4].
The terminology radiation refers to the physical processes of emission and propagation of 
energy, either by means of wave phenomena, or by the kinetic energy from the particles. In 
a simpler way, radiation is energy that spreads from one point to another in space or in a 
material environment. Irradiation is the process of applying this energy to a material, such as 
food, with the purpose of sterilizing or preserving them through the destruction of microor-
ganisms, parasites, insects, and other pests [5, 6].
There are various forms of radiant energy emitted in various ways that belong to the electro-
magnetic radiation spectrum, and these include radio waves, microwaves, infrared radiation, 
visible light, ultraviolet, X-rays, and gamma rays. These forms of energy differ in the wave-
length, frequency, force of penetration, and other effects that they exert on biological systems. 
As can be observed in Figure 1, in general, it can be said that in the electromagnetic spectrum, 
there are two types of radiation: ionizing and nonionizing [7].
Of all the bands of the electromagnetic spectrum, the best known is the narrow band of visible 
light, shown in the expanded form in the Figure 1. The human brain recognizes these wave-
lengths as the different colors ranging from violet to red. The sunlight, as the human being is 
able to see with the naked eye, is the sum of multiple electromagnetic waves with different 
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wavelengths in the visible range. Sir Isaac Newton was the first to realize this fact in the late 
1660s by passing the sunlight into a rainbow using a prism and turning it back into white light 
with a second prism [8].
2. Nonionizing radiation
In search for new and better food preservation methods, the research has turned to the pos-
sibility of using radiations in different ranges of frequencies, such as nonionizing radiations. 
This type of radiation does not have sufficient energy to break molecular bonds or remove 
electrons from atoms; in other words, perform ionization. The types of frequencies character-
ized as nonionizing are ultraviolet, infrared, radiofrequency, laser, microwave, and visible 
light [9, 10]. However, the use of nonionizing radiation has low interest as a food preservation 
method, in contrast to ionizing radiations [7].
2.1. Microwave radiation
Electromagnetic energy in the microwave region (300 MHz–300 GHz) has been extensively 
studied as an alternative energy source for sterilization. Microwave radiation has enormous 
applications in our daily routine, from communication systems, medical applications, to the 
level of industrial application [11, 12].
Microwave radiation does not carry enough energy to ionize food molecules or to generate 
free radicals [13]. The basic principle of the process is the baking by molecular vibration that 
Figure 1. Electromagnetic spectrum.
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penetrates superficially in the foods, and the depth of penetration ranges from 2 to 4 cm. The 
process makes the food vibrates and consequently heating the water, fat, and sugar mol-
ecules. However, microwave heating leads to uneven distribution of the temperature in the 
product. In addition, the products do not show nonenzymatic darkening and surface crust 
formation, which might be advantageous in some applications [10].
The use of microwave energy has been reported in the literature as a method used for improv-
ing microbiological quality and extending shelf life. The use of microwave irradiation resulted 
in the conclusion that microbial cell death occurs due to the heat produced by the irradiation 
and due to the electric field created by the microwaves, which promotes a change in the sec-
ondary and tertiary structure of the microorganism proteins [12, 14]. Currently, microwave 
energy has been applied in the pharmaceutical industry, and in drying, thawing and steriliza-
tion processes in the food industry.
Despite the limitations of this technology, the application of microwave energy has advan-
tages in the decontamination of utensils and in the process time, which entails the reduction 
of energy costs and also eliminates the chemicals commonly used in some of the conventional 
methods. All these reasons make this technology economically and environmentally viable, to 
be implemented in industrial systems, provided that its limitations are reviewed, such as the 
lack of uniformity in the distribution of heating in systems without temperature and power 
control [14, 15].
2.2. Ultraviolet radiation
Ultraviolet (UV) radiation was discovered in 1801 by the German scientist Johan Ritter, who 
perceived an invisible form of light beyond violet capable of oxidizing silver halides, which 
was named ultraviolet light at the end of the nineteenth century [16]. The UV-light occupies a 
wide wavelength range in the nonionizing region of the electromagnetic spectrum, between 
X-rays (100 nm) and visible light (400 nm) [17]. The wavelength of UV-light is divided into 
three bands—UV-A, UV-B, and UV-C.
The long (UV-A, 400–320 nm) and middle (UV-B, 320–280 nm) wavelengths are present 
in sunlight and have some germicidal value. However, the short wavelengths or UV-C 
(280–100 nm) have high germicidal capacity and do not naturally exist, having to be pro-
duced by the conversion of electric energy [18].
The UV-light can be applied as a continuous or pulsed mode. The continuous mode is the 
conventional method, the light being emitted continuously without interruption. In pulsed 
UV-light mode, the UV-light is released as intermittent pulses using a capacitor, which allow 
to increase the energy intensity per pulse. Therefore, the pulsed mode is more effective for 
microbiological inactivation and the most used method [19].
The use of UV-light as a nonchemical disinfection method is increasingly gaining acceptance 
by its germicidal power. The equipment used in the UV method has a low maintenance cost, 
besides being considered an “eco-friendly” technology that eliminates the need to use many 
chemical treatments, while is able to guarantee high levels of security [20].
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UV-light is a physical process that offers several advantages, such as it does not produce 
by-products that could change the characteristics of the food, does not generate chemical 
residues, and it is a cold process, dry, simple, effective, and low cost in relation to other steril-
ization processes, besides not generating any type of ionizing radiation [21].
UV-light has been applied in water purification and has been used in beverage industries; in 
industries, it has been applied in final cleaning, in the rinsing water of CIP (Clean-in-Place) 
systems and in the disinfection of packaging surfaces and storage tanks [20].
2.3. Pulsed electric field
The pulsed electric field (PEF) technology, also known as high-intensity electric field pulses 
(HELP), refers to the application of high voltage pulses (20–80 kV cm−1) in a product situated 
between two electrodes [22]. The inactivation of pathogenic and spoilage bacteria, yeasts, and 
some enzymes related to food quality have been demonstrated by several authors, although 
Figure 2. Outline of pulsed electric field.
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bacterial spore is not eliminated through this treatment [23, 24]. Regarding to this limitation, 
other methods are used in combination with irradiation technologies for the elimination of 
bacterial spores.
The technology consists of subjecting the product to repeated high-intensity fields with short-time 
electrical pulses, (ms or μs), with the purpose of causing the inactivation of enzymes and destruc-
tion of microorganisms [25]. The outline of pulsed electric field technology is shown in Figure 2.
Regarding food quality attributes, PEF is considered superior to conventional heat treatment 
because it avoids or reduces changes in sensory and physicochemical properties [26]. Many 
studies have reported the advantage of the application of PEF for the conservation of the 
micronutrient content of foods, once that is expect the thermolabile vitamins to be conserved, 
since the electric pulse method does not constitute a heat treatment. There are several factors 
that influence the results from the pulsed electric field on the microorganisms. These factors 
are related with the parameters of the process (time, field intensity, temperature, and number 
of pulses), to the characteristics of the product, and the characteristics of the microorganisms 
present in the product [27].
The application of PEF for food preservation has shown to be a promising alternative to tra-
ditional thermal methods. Although there are not products processed by pulsed electric fields 
on the market, the great number of works related to such technology and its advantages claim 
to believe that soon the market will experience the emergence of this and other nonthermal 
food technologies [28, 29].
3. Ionizing radiation
Nowadays, the types of radiations commonly used in the treatment of foods are the ion-
izing radiations. Ionizing radiation is classified as ionizing because its energy is high enough 
to displace electrons from atoms and molecules and to convert them into electrical charges, 
called ions [5].
Ionizing radiation is transmitted by high-energy particles (alpha, protons, electrons, and 
neutrons) or electromagnetic waves (X-rays and gamma rays). Only electromagnetic radia-
tion (X-rays and gamma rays) and electron-beam radiation are the two forms of ionizing 
radiations applied on food among the various existing forms of ionizing radiation. While the 
propagation of electromagnetic radiation is in the form of waves, the radiation by emission of 
electrons (corpuscular radiation) is based on the transmission of energy by the acceleration of 
the electrons [30, 31].
The irradiation of food, physical method of treatment, is based on submit of the product, 
already packaged or in bulk, to controlled doses of ionizing radiation for sanitary, phytosani-
tary and/or technological purposes [30].
3.1. Gamma radiation
The frequency of the gamma rays is above 1019 Hz, which implies in wavelengths below 
10–12 m. Radiation equipment is composed of one high energy radiation source (isotope 
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source) to produce gamma rays, or less frequently, by an equipment which emits high elec-
tron-beam energy [32, 33]. Gamma radiation is produced from the excited nucleus of radioac-
tive elements, such as Cobalt 60 (60Co) and Cesium 137 (137Cs) [34, 35].
The process of irradiation by gamma rays has several advantages: low heat generation, low 
energy requirements, irradiation of packaged or frozen products, and cause changes in the 
food nutritional value similar or inferior to other methods of conservation [36]. Nevertheless, 
as disadvantages of the gamma radiation are the high initial cost and difficulty in establish-
ing the necessary doses, because certain doses can cause the death of some insects, however, 
others still can be found alive [37]. Despite all the benefits, a number of barriers still persist 
and prevent irradiated foods from being widely marketed, mainly related to the cost of their 
use and the resistance from the consumers due to a lack of information on food induced 
radioactivity [38].
In order to ensure the quality of a food, from the microbiological point of view and the nutri-
tional quality, several methods are available for the food industries, including the use of 
radiation. In view of the requirements of consumers for assurance of microbiological safety 
and maintaining the natural characteristics of the product, the present chapter focuses on 
nutritional variation in food products submitted to radiation processes, such as gamma irra-
diation, UV-C, microwave, and pulsed electric fields.
4. Effects of radiation on food nutritional composition
The radiation techniques have been widely studied and, like most food processing tech-
niques, can induce some changes that are able to modify the chemical and nutritional 
characteristics on foods. These changes are dependent on some factors such as the radia-
tion dose, the constitution of the irradiated food, the type of packaging, and how it was 
processed, besides the variables of the process as temperature and oxygen saturation on the 
atmospheric [39].
Activists and consumers have been questioned about the nutritional value of foods submitted 
to these processing techniques. The main questions and hypotheses about the use of irradia-
tion are related to the excessive denaturation of nutrients, the conception that there is genera-
tion of toxic substances in irradiated foods, and they became radioactive [39, 40]. However, 
research conducted since the 1950s does not confirm these hypotheses of radioactivity in 
food, demonstrating there is no induction [21, 41]. Thus, the radiation methods used in food 
are considered safe and effective, according to several agencies such as the Food and Drug 
Administration (FDA) and the United Nations (UN) [42, 43].
Among the advantages cited by studies related to food irradiation are the minimal changes 
caused in food constituents [44]. According to research, macronutrients—carbohydrates, 
proteins, and lipids—are relatively stable when they come in contact with doses of ionizing 
radiation up to 10 kGy [39, 45].
Regarding to micronutrients, in particular vitamins are perceived since they are sensitive 
to any processing technique. Thus, vitamins are unstable in food and dependent on specific 
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parameters such as the cooking time or time of exposure to the method, pH, temperature, 
and among others. The water-soluble vitamins are labile to any process technique, and the 
fat-soluble vitamins are destroyed by the radiation methods [46–48].
4.1. Macronutrients
When food is irradiated, its components may be subject to significant changes. Among 
the existing macronutrients, the carbohydrates are less sensitive to radiation. Some of the 
glycosidic bonds linking the monosaccharides break when exposed to radiation, reducing 
the degree of polymerization and subsequently increasing the viscosity of polysaccharide 
solutions.
Regarding proteins, the amino acid chains can be altered in the presence of water, due to 
electron transfer, and might accelerate the denaturation protein process by altering the sec-
ondary and tertiary structures before destroying the amino acid chains. Nevertheless, the 
denaturation is less intense than in a thermal processing. In the case of lipids, in the pres-
ence of oxygen, radiation processes can accelerate oxidation, and other reactions such as the 
production of free radicals, the formation of hydrogen peroxides, and the destruction of com-
pounds as carboxylic acids and antioxidants. Thus, radiation processes are not recommended 
for products with a high fat content [49, 50].
The effects of UV-C on the composition of macronutrients in eggs were evaluated, dem-
onstrating that cholesterol is oxidized to cholesterol oxides in contact with UV-C light, 
presenting reduction in doses higher than 5.910 J cm−2. In addition, UV-C light seems to 
be able to generate vitamin D3 (cholecalciferol), from the precursor 7-dehydrocholesterol. 
However, further testing may be required to identify oxidation products and to evaluate the 
production of vitamin D3 [51]. Unlike the results found for UV-C light applied in eggs, in 
pasteurization, cholesterol levels remained almost unchanged in the temperature range of 
110–120°C, and less than 10% was oxidized after 80 hours of heating, corroborating with the 
fact that cholesterol is quite resistant to heat up to that temperature. However, cholesterol 
levels are extensively oxidized by exceeding the temperature range [52]. In relation to the 
protein content, it was observed that in the presence of oxygen, the total amount of protein 
decreased, occurring an aggregation of the proteins, and after the UV-C treatment, this situ-
ation indicates that some sulfhydryl groups were oxidized to the formation of new disulfide 
bonds [51].
Analyzing the effects of UV-C light on cow’s milk and comparing the results with the pasteuri-
zation treatments, it is possible to visualize there was no change in fat concentration. On the 
protein content, there were no significant changes when compared to the samples treated with 
ultraviolet against the raw milk [53]. Therefore, it is suggested that ultraviolet radiation is an 
alternative to traditional heat treatments, for better preserving the nutrients, unlike pasteuri-
zation that causes nutrient loss. The effects of gamma radiation on milk proteins demonstrate 
that solubility decreases, probably due to the denaturation and agglomeration of proteins [54].
A study was conducted on the effects of agricultural production systems (organic and con-
ventional), UV-C radiation and different types of drying (greenhouse and lyophilization) in 
grape waste and flour formulated from the wastes. The results showed, regardless of the 
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method, there was no interference in the fiber contents, but it was observed that the samples 
that were produced by the method of organic cultivation with application of UV-C light 
showed a higher protein content [55].
The effects of different thermal treatment methods were conducted in beef and chicken burg-
ers cooked in microwave, conventional oven, and fry in oil. Samples of the two types of burg-
ers submitted to microwave process obtained the highest loss of moisture, weight, and greater 
degree of retraction. In the chicken burger, the loss of moisture resulted in higher percentages 
of fat, protein, and ashes. In the beef hamburger, the highest percentage of proteins and ashes 
were observed in the microwave treatment, while the highest percentage of lipids was found 
in the oil frying treatment [56].
Studies on the application of UV-C light to tilapia fillets demonstrated that this type of treat-
ment was not able to increase lipid oxidation due to the low fat content in this type of food. 
Regarding the protein content, UV-C light provided an increase in the carbonyl content with 
changes directly related to the doses of applied radiation, presenting a pro-oxidant action 
[57]. Action that can be explained by the capacity of stimulus of generation and reactivity 
of oxygen species, causing the protein oxidation, raises carbonyl formation [51]. In the lit-
erature, the oxidative effect of proteins and lipids has a direct connection and might vary 
according to the protein and lipid composition and pro-oxidant and antioxidant compounds 
of a food [58, 59, 60, 61]. Therefore, these chemical modifications promoted by UV-C light 
depend on the nutritional composition and the dose to be used [62].
4.2. Micronutrients
At commercial doses, gamma irradiation causes no higher nutrient loss than the other 
methods used in food processing. The destruction of vitamins from the use of ionizing 
radiation applying doses of up to 60 kGy does not differ from the degradation generated 
from the cooking process [63]. The degradation of vitamins presents varied sensitivity to 
gamma radiation, since this level depends on the doses used and the state of matter from 
the food analyzed. The fat-soluble vitamins in descending order of sensitivity to gamma 
radiation are Vitamin E > Vitamin A > Vitamin D > Vitamin K. While the order of sensitivity 
of water-soluble vitamins is thiamine > ascorbic acid > pyridoxine > riboflavin > cobalamin 
> nicotinic acid [50, 64]. However, studies related to the effects of radiation on the content 
of vitamins are still inconclusive. In order to minimize nutrition losses and negative effects 
on sensory quality, some factors are applied, such as the use of low doses (less than 10 kGy) 
of gamma radiation and controlled conditions of process such as temperature and presence 
of oxygen [49, 50].
Among the nonthermal technologies used in food, UV-light treatment presents great commer-
cial potential as an alternative for thermal treatments in liquid foods, such as pasteurization. 
However, as well the other methods used in food preservation, UV-light causes changes in the 
vitamin content. UV-light treatment has been shown to be able to significantly alter vitamin 
content in milk samples when compared to the traditional pasteurizing process. The vitamins 
present in the cow’s milk in descending order of sensitivity are C > E > A > B2. However, the 
number of sample passes through the UV-C system and the initial vitamin concentration in a 
sample are important factors to affect the level of loss in vitamin content [65].
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The minerals present in foods (i.e., iron, phosphorus, and calcium) are not affected by tech-
nologies that employ radiation [42]. No more data were reported in the literature relating the 
effects of irradiation on vitamins and minerals, and more studies are needed.
4.3. Antioxidant activity
The relationship between the treatments that use radiation and the antioxidant content of 
foods is still inconclusive. Several studies discuss that radiation treatments have demonstrated 
the decrease or increase in antioxidant activity of foods, and these variations are related to the 
type of treatment, the dose of radiation used, the exposure time, and the composition and 
state of matter of the raw material [66].
With positive effect, it is proven that the ultraviolet radiation, when applied in appropriate 
conditions, is able to increase the antioxidant capacity of fruits and vegetables, being a technol-
ogy with commercial potential to be used in post-harvest stages in order to extend shelf life and 
increase quality, such as papaya, grape, and pineapple [67, 68]. Supposedly, UV-C radiation is 
able to increase phenolic content and antioxidant enzymatic activities as a defense mechanism 
against oxidative stress, thus increasing the antioxidant activity of vegetables [67, 69, 70].
In commercial doses, it is not possible to obtain conclusive answers regarding the effect of 
gamma radiation on the content of the antioxidant activity in foods. However, most of the 
studies mention gamma radiation as a conservation method related to the increase or mainte-
nance to the potential of the antioxidant activity of foods such as, soybean, olive, starch, and 
safflower powder [66, 71–74]. However, it is possible to find studies that report the reduction 
of antioxidant activity when the radiation process is mediated with another parameter, as 
changes in moisture and application of different doses of gamma radiation in mung bean [75].
4.4. Food allergens
Food processing methods using radiation, ionizing, and nonionizing can be used to reduce 
the potential of food allergenicity. The UV-light, gamma irradiation, and ultrasound have the 
capacity to reduce the allergenicity of food proteins from the formation of protein aggrega-
tion, protein crosslinking, and/or amino acid sequence alteration. Studies carried out with the 
application of gamma radiation on cow’s milk proteins have demonstrated the reduction of 
the allergenicity and antigenicity of the proteins when submitted to the irradiation process 
[54]. However, to date, the processes that involve radiation are not capable of completely 
inactivating the allergenic compounds [76].
5. Conclusions
The technologies that involve radiation are pointed out as promising methods to be used 
in food preservation. Some methods used cause the elimination or decrease the growth of 
microorganisms, without significant nutritional losses. When applied in a controlled manner, 
the radiation processes promote equal or inferior damages in the nutritional quality of the 
food when compared to the conventional processes. At commercial doses of up to 10 kGy, 
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macronutrients and minerals are stable against radiation techniques. Vitamins have a higher 
degree of sensitivity than macronutrients when exposed to treatments that use some type of 
radiation. However, nutrient degradation can be reduced by using lower radiation doses and 
using an oxygen saturated atmosphere.
Acronyms and abbreviations
CIP clean-in-place
FDA Food and Drug Administration
HELP technology, also known as high-intensity electric field pulses




Fabiana Lima, Kássia Vieira, Miriam Santos and Poliana Mendes de Souza*
*Address all correspondence to: poliana.souza@ict.ufvjm.edu.br
Universidade Federal dos Vales do Jequitinhonha e Mucuri/Universidade Federal de Lavras, 
Diamantina, Brazil
References
[1] Tezotto-Uliana JV, Silva PPM, Kluge RA, Spoto MHF. Radiação gama em produtos de ori-
gem vegetal. Revista Virtual de Química. 2015;7:267-277. DOI: 10.5935/1984-6835.20150013
[2] Leinstner L, Gorris LGM. Food preservation by hurdle technology. Trends in Food 
Science & Technology. 1995;6:41-45. DOI: 10.1016/S0924-2244(00)88941-4
[3] Vega-Mercado H et al. Non-thermal food preservation: Pulsed electric fields. Trends in 
Food Science & Technology. 1997;8:151-157. DOI: 10.1016/S0924-2244(97)01016-9
[4] Polizel GG. O uso da radiação no controle microbiológico dos alimentos de origem ani-
mal [monografia]. Rio de Janeiro: Universidade Castelo Branco; 2006
[5] Franco BDGM, Landgraf M. Microbiologia dos Alimentos. São Paulo: Atheneu; 1996. p. 182
[6] Spolaore AJG, Germano PML, Germano MIS. Irradiação de Alimentos. In: Germano PML, 
Germano MIS, editors. Higiene e Vigilância Sanitária de Alimentos. 2nd ed. São Paulo: 
Livraria Varela; 2001. pp. 421-442
Effects of Radiation Technologies on Food Nutritional Quality
http://dx.doi.org/10.5772/intechopen.80437
147
[7] Gava A. Princípios de Tecnologia de Alimentos. 1st ed. São Paulo: Nobel; 1984. p. 284
[8] Silva AVR. Nossa estrela: o sol. 1st ed. São Paulo: Editora Livraria da Física; 2006. p. 176. 
ISBN-13: 9788588325654
[9] Freitas TP, Mendez NRM. Radiações Não Ionizantes: Causas, Efeitos e Prevenções 
[Internet]. 2005. Disponível em: http://www.unirevista.unisinos.br. [Acessado em: 
20-05-2018]
[10] Ordoñez JA. Tecnologia de Alimentos. 1st ed. Porto Alegre: Artmed; 2005. p. 294
[11] Paulraj R, Behari J. Single strand DNA breaks in rat brain cells exposed to microwave 
radiation. Mutation Research. 2006;596(1-2):76-80
[12] Banik S, Bandyopadhyay S, Ganguly S. Bioeffects of microwave: A brief review. Bio-
resource Technology. 2003;87:155-159. DOI: 10.1016/S0960-8524(02)00169-4
[13] Lassen A, Ovesen L. Nutritional effects of microwave cooking. Nutrition & Food Science. 
1995;95:8-10. DOI: 10.1108/00346659510088654
[14] Aymerich T, Picouet PA, Monfort JM. Decontamination technologies for meat products. 
Meat Science. 2008;78:114-129. DOI: 10.1016/j.meatsci.2007.07.007
[15] Bélanger JM et al. Remarks on various applications of microwave energy. Journal of 
Microwave Power and Electromagnetic Energy. 2008;42:24-44. DOI: 10.1080/08327823. 
2007.11688597
[16] BALL DW. The electromagnetic spectrum: A history. Spectroscopy. 2007;3:14-17
[17] Bintsis T, Litopoulou-tzanetaki E, Robinson R. Existing and potential applications of 
ultraviolet light in the food industry—A critical review. Journal of the Science of Food and 
Agriculture. 2000;80:637-645. DOI: 10.1002/(SICI)1097-0010(20000501)80:6<637::AID- 
JSFA603>3.0.CO;2-1
[18] Souza SRP, Fischer FM, Souza JMP. Suntanning and risk of cutaneous melanoma: A lit-
erature review. Revista de Saúde Pública. 2004;38:588-598. DOI: 10.1590/S0034-8910200 
4000400018
[19] Krishnamurthy K, Demirci A, Irudayaraj JM. Staphylococcus aureus inactivation using 
pulsed UV light for continuous milk treatment. In: ASAE Annual Meeting; 17-20 July 
2005; Florida. pp. 1-11. DOI: 10.13031/2013.19590
[20] Howarth C. UV Disinfection Shows Promise [Internet]. 2007. Disponível em: http://
www.hanovia.com. [Acessado em: 17-05-2018]
[21] Guerrero-Beltrán JA, Barbosa-Cánovas GV. Review: Advantages and limitations on pro-
cessing foods by UV light. Food Science and Technology International. 2004;3:137-147. 
DOI: 10.1177/1082013204044359
[22] Góngora-Nieto MM, Sepúlveda DR, Pedrow P, Barbosacánovas GV, Swanson BG. Food 
processing by pulsed electric fields: Treatment delivery, inactivation level, and regulatory 
Descriptive Food Science148
aspects. Lebensmittel-Wissenschaft & Technologie. 2002;35:375-388. DOI: 10.1006/fstl. 
2001.0880
[23] Álvarez I, Pagán R, Condón S, Raso J. The influence of process parameters for the inacti-
vation of Listeria monocytogenes by pulsed electric fields. International Journal of Food 
Microbiology. 2003;87:87-95. DOI: 10.1016/S0168-1605(03)00056-4
[24] Damar S, Bozoglu F, Hizal M, Bayindirli A. Inactivation and injury of Escherichia coli 
O157:H7 and Staphylococcus aureus by pulsed electric fields. World Journal of Micro-
biology and Biotechnology. 2002;18:1-6
[25] Soliva-Fortuny R et al. Effects of pulsed electric fields on bioactive compounds in 
foods: A review. Trends in Food Science & Technology. 2009;20:544-556. DOI: 10.1016/j.
tifs.2009.07.003
[26] Qin BL, Pothakamury UR, Vega H, Martin O, Barbosacanovas GV, Swanson BG. Food 
pasteurization using high intensity pulsed electric fields. Journal of Food Technology. 
1995;49:55-60
[27] Binoti ML et al. Pulsed electric field. Ciência Rural. 2012;42. DOI: 10.1590/S0103- 
84782012005000025
[28] Binoti ML, Ramos AM. Conservação de alimentos: Uma visão mais saudável. HU Revista. 
2015;41:171-179
[29] Cortés C, Esteve MJ, Frigola A. Color of orange juice treated by high intensity pulsed 
electric fields during refrigerated storage and comparison with pasteurized juice. Food 
Control. 2008;19:151-158. DOI: 10.1016/j.foodcont.2007.03.001
[30] Agência Nacional de Vigilância Sanitária (ANVISA). RDC n° 21, de 26 de janeiro de 
2001. Aprova o Regulamento técnico para irradiação de alimentos. Diário Oficial [da] 
República Federativa do Brasil, Brasília, DF. [Internet]. 26 Jan, 2001. Disponível em: 
http://www.anvisa.gov.br/legis/resol/21_01rdc.htm. [Acesso em: 12-06-2018]
[31] Grandison AS. Irradiation. In: Brennan JG, editor. Food Processing Handbook. Wein-
heim: Wiley-VCH Verlag; 2006. pp. 147-171. ISBN: 3-527-30719-2
[32] Lima LS. Radiação gama. Revista de Ciência Elementar. 2014;2:1-2
[33] Jay JM. Microbiologia de Alimentos. 6th ed. Porto Alegre: Artmed; 2005. p. 711. ISBN: 
9788536305073
[34] Barros EA. Produção de bebida mista de extrato hidrossolúvel de soja e suco de uva 
submetida a diferentes doses radiação gama [tese]. Botucatu: Universidade Estadual 
Paulista, Botucatu; 2016
[35] Franco BDGM, Landgraf M. Microbiologia dos alimentos. São Paulo: Atheneu; 2008. 
p. 182
[36] Fellows PJ. Tecnologia do Processamento de Alimentos–Princípios e práticas. Porto 
Alegre: Artmed; 2006. p. 602. ISBN 978-85-363-0652-0
Effects of Radiation Technologies on Food Nutritional Quality
http://dx.doi.org/10.5772/intechopen.80437
149
[37] Hallman GJ. Ionizing gradiation quarantine treatments against tephritic fruit flies. 
Postharvest Biology and Technology. 1999;16:93-106. DOI: 10.1016/S0925-5214(99)00012-5
[38] Ornellas CBD, Gonçalves MPJ, Silva PR, Martins RT. Atitudes do consumidor frente à 
irradiação de alimentos. Ciência e Tecnologia de Alimentos. 2006;26:211-213. DOI: 10. 
1590/S0101-20612006000100033
[39] Dionísio AP, Gomes RT, Oetterer M. Ionizing radiation effects on food vitamins: A review. 
Brazilian Archives of Biology and Technology. 2009;52:1267-1278. DOI: 10.1590/S1516- 
89132009000500026
[40] Guedes AMM, Novello D, Mendes GMP, Cristianini M. Tecnologia de ultravioleta para 
preservação de alimentos. Boletim do Centro de Pesquisa de Processamento de Alimentos. 
2009;27:59-70
[41] Fan X, Sokorai KJB. Effect of ionizing radiation on furan formation in fresh fruits and 
vegetables. Journal of Food Science. 2008;73:79-83. DOI: 10.1111/j.1750-3841.2007.00622.x
[42] Food and Drug Administration. Code of Federal Regulations Part 179. Irradiation in the 
production, processing and handling of food. Federal Register. 2012;77:71316
[43] World Health Organization. Safety and Nutritional Adequacy of Irradiated Food; 1994
[44] Brendan AN, Meixu G. Irradiation of fluid foods. In: Novel Thermal and Non-Thermal 
Technologies for Fluid Foods. 1st ed. Dublin: Academic Press; 2012. pp. 167-183. DOI: 
10.1016/C2009-0-61145-4
[45] Crawford LM, Ruff EH. A review of the safety of cold pasteurization through irradia-
tion. Food Control. 1996;7:87-97. DOI: 10.1016/0956-7135(96)00004-7
[46] Lima KSC et al. Efeito da irradiação ionizante γ na qualidade pós-colheita de cenouras 
(Daucus carota l.) cv. Nantes. Ciência e Tecnologia de Alimentos. 2001;21:202-208
[47] Silva PT, Lopes MLM, Valente-Mesquita VL. Effect of different processing methods on 
ascorbic acid content in orange juice used to make cakes, puddings and jelly. Ciência e 
Tecnologia de Alimentos. 2006;26:678-682
[48] Satpute M, Annapure U. Approaches for delivery of heat sensitive nutrients through 
food systems for selection of appropriate processing techniques: A review. Journal of 
Hygienic Engineering and Design. 2013;4:71-92. Record Number: 20133394689
[49] Woodside JV. Nutritional aspects of irradiated food. Stewart Postharvest Review. 2015; 
3:1-6. DOI: 10.2212/spr.2015.3.2
[50] Harder MNC, Arthur V, Arthur PB. Irradiation of food: processing technology and 
effects on nutrients: Efect of ionizing radiation on food components. In: Encyclopedia of 
Food and Health. Elsevier; 2016. pp. 476-481. DOI: 10.1016/B978-0-12-384947-2.00405-0
[51] Souza PM, Briviba K, Müller A, Fernández A, Stahl M. Cyto-genotoxic and oxidative 
effects of a continuous UV-C treatment of liquid egg products. Food Chemistry. 2013; 
138:1682-1688. DOI: 10.1016/j.foodchem.2012.11.105
Descriptive Food Science150
[52] Vicente SJV, Sampaio GR, Ferrari CKB. Oxidation of cholesterol in foods and its impor-
tance for human health. Food Reviews International. 2012;28:47-70. DOI: 10.1080/ 
87559129.2011.594972
[53] Oliveira PHB. Efeitos do tratamento do leite por radiação ultravioleta (UV) em compa-
ração à pasteurização [Dissertação]. Juiz de Fora: Universidade Federal de Juiz de Fora; 
2012
[54] Lee JW et al. Effects of gamma radiation on the allergenic and antigenic properties of milk 
proteins. Journal of Food Protection. 2001;64:272-276. DOI: 10.4315/0362-028X-64.2.272
[55] Lopez LD, Pinto EP, Börger BR, KFC K, Lucchetta L, Tonial IB. Interferência do sistema 
de cultivo, radiação UV-C e método de secagem na qualidade da farinha de subprodutos 
de uva. Científica. 2017;4:347-354. DOI: 10.15361/1984-5529.2017v45n4p347-354
[56] Borba CM, Oliveira VR, Montenegro KR, Hertz PF, Venzke JG. Avaliação físico-química 
de hambúrguer de carne bovina e de frango submetidos a diferentes processamentos 
térmicos. Alimentos e Nutrição–Brazilian. Journal of Food and Nutrition. 2013;24:21-27
[57] Monteiro MLG et al. Impact of UV-C light on the fatty acid profile and oxidative stability 
of nile tilapia (Oreochromis niloticus) fillets. Journal of Food Science. 2017;82:1028-1037. 
DOI: 10.1111/1750-3841.13685
[58] Wongwichian C, Klomklao S, Panpipat W, Benjakul S, Chaijan M. Interrelationship 
between myoglobin and lipid oxidations in oxeye scad (Selar boops) muscle during iced 
storage. Food Chemistry. 2015;174:279-285. DOI: 10.1016/j.foodchem.2014.11.071
[59] Babakhani A, Farvin KHS, Jacobsen C. Antioxidative effect of seaweed extracts in chilled 
storage of minced atlantic mackerel (Scomberscombrus): Effect on lipid and protein oxida-
tion. Food and Bioprocess Technology. 2016;9:352-364. DOI: 10.1007/s11947-015-1630-9
[60] Utrera M, Parra V, Estévez M. Protein oxidation during frozen storage and subsequente 
processing of different beef muscles. Meat Science. 2014;96:812-820. DOI: 10.1016/j.meatsci. 
2013.09.006
[61] Figueirêdo BC, Bragagnolo N, Skibsted LH, Orlien V. Inhibition of cholesterol and poly-
unsaturated fatty acids oxidation through the use of annatto and bixin in high-pressure 
processed fish. Journal of Food Science. 2015;80:1646-1653. DOI: 10.1111/1750-3841.12964
[62] Rizzotti L, Levav N, Fracchetti F, Felis GE, Torriani S. Effect of UV-C treatment on the 
microbial population of white and red wines, as revealed by conventional plating and 
PMA-qPCR methods. Food Control. 2015;47:407-412. DOI: 10.1016/j.foodcont.2014.07.052
[63] Guimarães IC et al. Physicochemical and microbiological quality of raspberries (Rubus 
idaeus) treated with different doses of gamma irradiation. Food Science and Technology. 
2013;33(2):316-322. DOI: 10.1590/S0101-20612013005000040
[64] Taipina MS et al. The effects of gamma irradiation on the vitamin E content and sensory 
qualities of pecan nuts (Carya illinoensis). Radiation Physics and Chemistry. 2009;78: 
611-613. DOI: 10.1016/j.radphyschem.2009.03.019
Effects of Radiation Technologies on Food Nutritional Quality
http://dx.doi.org/10.5772/intechopen.80437
151
[65] Guneser O, Yuceer YK. Effect of ultraviolet light on water- and fat-soluble vitamins in cow 
and goat milk. Journal of Dairy Science. 2012;95:6230-6241. DOI: 10.3168/jds.2011-5300
[66] Hussain PR et al. Influence of postharvest gamma irradiation treatment on the content of 
bioactive compound and antioxidant activity of fenegreek (Trigonella foenum-graceum L.) 
and spinach (Spinacia oleracea L.) leaves. Innovative Food Science & Emerging Techno-
logies. 2016;33:268-281. DOI: 10.1016/j.ifset.2015.11.017
[67] Rivera-Pastrana DM et al. Effect of UV-C irradiation and low temperature storage on 
bioactive compounds, antioxidant enzymes and radical scavenging activity of papaya 
fruit. Journal of Food Science and Technology. 2014;51(12):3821-3829. DOI: 10.1007/
s13197-013-0942-x
[68] Jiang T. Influence of UV-C treatment on antioxidant capacity, antioxidant enzyme activity 
and texture of postharvest hiitake (Lentinus edodes) mushrooms during storage. Postharvest 
Biology and Technology. 2010;56:209-251. DOI: 10.1016/j.postharvbio.2010.01.011
[69] Sheng K. Comparison of postharvest UV-B and UV-C treatments on table grape: Changes 
in phenolic compounds and their transcription of biosynthetic genes during storage. 
Postharvest Biology and Technology. 2018;128:74-81. DOI: 10.1016/j.postharvbio.2018. 
01.002
[70] Sari LK, Setha S, Naradisorn M. Effect of UV-C irradiation on postharvest quality of 
‘Phulae’ pineapple. Scientia Horticulturae. 2016;213:314-320. DOI: 10.1016/j.scienta.2016. 
09.049
[71] Popovic MB et al. Enhancement of antioxidant and isoflavones concentration in gamma 
irradiated soybean. The Scientific World Journal. 2013:383574. DOI: 10.1155/2013/383574
[72] Aouidi F et al. Gamma irradiation of air-dried olive leaves: Effective decontamina-
tion and impact on the antioxidative properties and on phenolic compounds. Food 
Chemistry. 2011;127:1105-1113. DOI: 10.1016/j.foodchem.2011.01.109
[73] Mukhtar R et al. γ- Irradiation of oat grain—Effect on physici-chemical, structural, ther-
mal, and antioxidant properties of extracted starch. International Journal of Biological 
Macromolecules. 2017;104:1313-1320. DOI: 10.1016/j.ijbiomac.2017.05.092
[74] Esmaeili S et al. Effect of gamma irradiation under various atmospheres of packing on 
the microbial and physicochemical properties of turmeric powder. Radiation Physics 
and Chemistry. 2018;148:60-67. DOI: 10.1016/j.radphyschem.2018.02.028
[75] Verma M, Sharma P, Gour VS, Kothari SL. Moisture-mediated effects of γ-irradiation on 
antioxidant properties of mung bean (Vigna radiate L.) cultivars. Innovative Food Science 
and Emerging Technologies. 2016;34:59-67. DOI: 10.1016/j.ifset.2016.01.012
[76] Ekezie FC, Cheng J, Sun D. Effects of nonthermal food processing technologies on food 
allergens: A review of recent research advances. Trends in Food Science & Technology. 
2018;64:12-25. DOI: 10.1016/j.tifs.2018.01.007
Descriptive Food Science152
